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Behavior of earner/ BP 

start the system 
suspend the system 
stop the system 
configure the system 
create routes 
modify routes 
delete routes 
monitor the system 
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cdlect traffc statistcs 
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I Behavior of endpoints 

make calls 
artsw er oaDs 
activate features 
deactivate features 



TSP/CSX 



- a class 4 switch 

- an IDTwith class 5 features 



system operation/ maintenance 

- startup/shutriow n/btock/unbbekthe system 
and resources on the system 

- add/remove NEs 

- manage the resources and the associated 
connectivities 

- collect billing/traffic records 

endpoint administration 

- capability, features, 
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Case 1: A call originated and terminated on the same TSP 
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Case 2: A call originated on the TSP and extended to a trunk/IP route 
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Case 3: A call from a trunk/IP route and terminated on the TSP 
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Case 4: A transient call (class 4) 
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Feature Mask 


Feature Logic Object 


000 


NULL 


001 


CND_FLO 


010 


CFBL_FLO 


Oil 


CFBL_FLO 


100 


CW_FLO 


101 


CW_CND_FLO 


110 


CW_CFBL_FLO 


111 


CW_CFBL_CND_FLO 



feature mask = abc where 



bit a -Call Waiting (CW) 
bit b - Call Forwarding Busy Line (CFBL) 
bit c - Calling Number Delivery (CND) 
User defined features are not included in this table. 
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Figure 10B 
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/CFBL-FLO { 

FeaturelD=CFBL, 
k Event=busy, 
Priority=normal, 
Owner=ep, 
Method=routeTo(1234) 



/900BLK-FLO { 

FeaturelD=900BLK, 
^ Eve nt=dia! Complete, 
Pnority=high, 
Owner=system, 
Method=re!easeCall(900) \ 



/CFV-FLO { 

FeaturelD=CFV, 
^ Event=seizure, 
Priority=normai, 
Owner=ep, 
Method=routeTo(12l2) 



Figure 11 A 



'Feature!D=800NS, 

Event=800NS, 
^ EventDef=dialComplete+ 
DNPrefix=800/ 
Priority==normal, 
Owner=ep, 

Method=800StateMachin9 l 
(8005551212> 



SOOStateMachme 

idle state { 
eventTable={ 

{initial EvenLsendQuery, awaitResp} } 
sendQuery(event) { 
sendTCAP800Query{event dialedDN), 

} 

} 



e{ 

eventTable= { 

{SOOResp, returnResult, terminate} } 
retumResult(event} { 

analyzeReturnResultO, 

routeToftranslatedDNI, chargmgDM}, 

} 

J 



'LNP-FLO{ 

FeatureiD=LNP, 
^ Event=N-1 Office, 
Pnority^high, 
Owner=system, 
Method=LNPStateMachin^ 
(3125551212) 



CNAM-FLO { 

' FeaturetD=CNAM, 

Event=setzure, 
^ Pnonty=normal, 
Owner=ep, 
Method= 

CNAMStateMachine 
(3125551212) 
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CW-FLO { 

Featurel D=Cal!Waiting, 
k Event=busy, 
Priority=normal, 
Owner=ep, 

Method=CWStateMachine 



CWStateMachine 

idfe state { 
eventTable={ 

{initial Eve nt,a I ertEndpoint, 1 stLegActive} } 
alertEndpoint(event) { 
applyTone(CWTone) f 

} 

} 

1stLegActivestate{ 
eventTable= { 

{hookflash, swap, 2ndLegActive} , 
{localRelease, releasel , terminate}, 
{IstLegRelease, release2, terminate} , 
{2nd Leg Release, release3, terminate} } 
swap( event) { 

swapCaflLeg(1stLeg, 2ndLeg), 

releasel (event) { ... } 

release2(event) { .} 

release3(event) { .. .} 

} 

> 

2ndLegActivestate { 
eventTab!e= { 

{hookflash, swap, 1 stLegActive} , 
{local Release, releasel, terminate}, 
{IstLegRelease, release2, terminate} , 
{2ndLegRelease, release3, terminate} } 

swap(event) { 

swapCallLeg(2ndLeg, IstLeg), 
releasel (event) { . } 
release2{ event) {.. } 
release 3{event) { .} 

} 

} 



TWC-FLO { 

Feature! D^hreeWayCall, , 
1 Event=hookfIash, 
Priority=normal, 
Owner=ep, 
Method=TWCStateMachirie 



Figure 11 C 



XFVACT-FLO { 

FeaturelD=CFVActivation, 
^ Event=dialComplete, 
Priority^normai, 
Owner=ep, 
Method= 

CFVACTStateMachine/ 



CFVACTStateMachine 

idle state { 
eventTable={ 

{initialEvent,spawnDigttColtect,awaitDigit} 
} 

spawn DigitCollect{event) { 
createDigitCollectorSM{CFVFile, 
timer); 

} 
} 

awaitDigit { 
eventTabie= { 

{digit, processDigit, awaitRouteResp} , 
{timeout, release, terminate} } 
processDigit( event) { 
ValidateDigits (event digits, timer), 
} 

release{ event) { . . } 

} 

awaitRouteResp{ 
eventTable= { 

{routeRespAck, accept, terminate} , 
{routeRespNack, reject, terminate} , 
{timeout, release, terminate} } 
accept(event) { 

createOBJ(.„); 

placeOBJtoStack( . ), 

playFile(CFVACTSucc), 

} 

reject(event) { 
playFite(CFVACTFail); 

} 
} 
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Call 
Instance 



Feature 
Instance 



Message Protocol 



Call 
Model 



Endpoint O 



Available feature(s) is aggregation of feature 
subscriptions with feature interactions resolved 



Available 
Feature 



-> subscribes to - 



Subscriber 

Feature 
Subscription 



1 provides service to 



> interacts with 
— > overrides — 
•> excludes- 



Feature 

— 7T7 



" > subscnbes to ~" 



-> provides service to — 1 



Group 
Feature 
Subscription 



Carrier 
Feature 
Assignment 



Aggregation of logic and 
(possibly) subscriber data 
schema extensions 
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Evarrt Proc&sstrg 
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Action Exporter 






virtual int doAction( action & ) = 
0, 









-> exports member functions via - 





Action 




virtual int doAction( cail & ) , 
virtual int doAction( feature & ) , 









A 



int doActionf action StheAction ) { return theAction doAction{ *this ) }, 

int caltPnmitive1( void ) {// pnmitive behavior }, 
int ca!IPnmitive2( void ) { tl pnmttive behavior }; 
int catlPnmitive3( void ) {I! primitive behavior ), 



*> exports call functions via - 



A. 



virtual int doActionf feature & ) { It error } , 



int doAction{ action StheAction ) { return theAction doAction( 'this ) }; 

int featurePnmitive1( void ) {II pnmitive behavior }; 
int featurePnm!tive2( void ) { // pnmttive behavior }, 
int featurePnm:tive3( void ) { // primitive behavior}, 



-> exports feature functions via — 



virtual int doAction( call & ) { // error } , 
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virtual mt doAction( call & ) , 
virtual int doAclion( feature & ) , 



virtual int doAction( feature & ) { // error } . 



FeatureActton 



virtual int doAction( call & ) { // error } 



CaltPnmttivel 



int doAction( Call & theCall ) 
{ !! call primitive 1 
return theCall pnmilive1(} 

}; 



CallPrimtt(ve2 



ml doAction< Call StheCall ) 
{ I! cat! primitive 2 

return theCall pnmitive2(> 
}. 



FeaturePnmitivel 



ml doAction{ Feature &theFealure ) 
{ // feature primitive 1 
return theFeature primitive 1 (} 



FeaturePnmitive2 



int doAction( Feature &lheFeature ) 
{//feature primitive 2 
return theFeature pnmttive2() 



CallPnmitive3 



int doAction( Call &theCal! } 
{ // call pnmifive 3 

return theCall pnmtlive3{> 
}. 



FeaturePnmitive3 



ml doAction{ Feature &theFeature ) 
{ // feature primitive 3 
return theFeature pnmitive3() 



Figure 18 



EL835823021US 



( EvenPar 1 t yLogi c 
{Initial (lBit 
(OBit 
(Last 


{ () (Set odd) 
t { 1 ( Set even) 
({) (Print "Error 


(Running) ) 
(Running) ) 
") (Initial) ) 


> 

(Running 


(lBit 


((IsOdd*) (Set even) (Running)) 
( (IsEven'?) (Set odd) (Running)) 




) 

(OBlt 


(() () (Running)) 






) 

(Last 
) 


((IsOdd?) (Print 
{ (IsEven'J (Print 


'Bad'") (Done) ) 
*Good> " ) (Done) ) 


) 

(Done { ) ) 
) 









(OddParityLogic 
(Initial (lBit 
(OBlt 
(Last 


((} (Set odd) (Running)) 
(() (Set even) (Running)) 
(() (Print "^Error 1 " ) (Initial) ) 


) 

(Running 


(lBit 


(<IsOdd">) (Set even) (Running)) 
( (IsEven') (Set odd) (Running)) 




) 

(OBlt 


(() () (Running)) 




) 

(Last 
) 


{(IsOdd?) (Print "Good 1 " > (Done ) ) 
( (IsEven?) (Print "Bad 1 ") (Done)) 


) 

(Done ()) 

) 







Figure 19 



EL835823021US 



(LogicName 




( StateName 




{Event Name 




( (Predicate) 




(ActionName ()) 




{ActionName (ParamSpec, . 


)) 


(StateName) 




) 

(() {ActionName (ParamSpec, 


• ) ) 


(ActionName (ParamSpec, 


.)) 


(StateName) 

) 




) 

( EventName 




( (Predicate) 




(ActionName (ParamSpec, . 


) ) 


(ActionName {ParamSpec, . 


) ) 


(StateName) 




) 

{ {) (ActionName (ParamSpec, 


.)) 


(ActionName {ParamSpec, 


. -)) 


(StateName) 

) 




) 

) 

(StateName 




(EventName 




{ (Predicate) 




(ActionName (ParamSpec, . 


.)) 


(ActionName (ParamSpec, 


.) ) 


(StateName) 

) 

) 

) 

) 





Figure 20 



EL835823021US 



Q 
yj 
yj 
O 
o 



Predicate Action 



o- 



< is exported as 



Application 
Method 



< is exported as 



-o 



Application 
Context 



O 
®. 
03 

m 
yj 
m 
yj 

01 



Figure 21 



EL835823021US 



as 

03 

m 

W 

yj 

s 

a 

yj 
yj 

a 

o 



External System 



T 3* "I' % 1 



,; ^ , r-v; ;;:a ; ^:\;;a 

& * ~ i — x 1 ^ — ^ '« 



; 'a : 



a 




ae 



A*, >y 



k f 7 j CSC ,\ , 1 , 



Figure 22 



EL835823021US 




Figure 23 



EL835823021US 




Figure 24 



EL835823021US 



TSP 



TSPNode(0) 
(primary) 



TSP Node (1) 
(primary) 



TSP Node (2) 
(primary) 



TSP Node (3) 
(standby) 






Figure 25 



O 
m 
m 
m 
yj 

yj 
03 

£ 

a 

yj 
yj 

a 
O 



EL835823021US 



TSP 
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1/3CSX(1) 1/3CSX(2) 





TSP Node (3) 
(standby) 



1/3CSX(1) 1/3CSX(2) 




Figure 26 



EL835823021US 




Figure 27 



EL835823021US 




Figure 28A 



EL835823021US 



External 
System 
Interface 



Application defined routing and 
dispatching supports consistent and 
correct handling of events across 
multiple processors 



-> < * , Protocol 
■ rx msg fragment ^ 



txmsg fragment^ 



1 ••- Local 



Dynamic binding between threads ^ 
and application contexts support 
transportability 



dispatch event 



dispatch event 



Application contexts can be transported 
between processors When stored in a 
shared object database they become 
accessible to backup processors) 



V 4M Application '^fe'^ 

t i X' s ^ lf< Application ^4$^'^ 
* -!> ^ i Context Ns^^^l' 



Infrastructure 
Server 



Application defined message 
protocols supports consistent and 
correct mapping of messages to 
events 



Asynchronous client-server, i e , non-blocking, 
infrastructure services prevents context capture 
by threads and processes 

^ 
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External System 



exch a nges messages with 




Interface 
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Message 
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-> converts event to- 
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anExternalSystem anlnputlnterface alVtessageProtocot 



■■ aMessageFragment 



Message aMessage 



Event anEvent 




— pend(anEvent)- 



Figure 30A 
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anApplicationObj anEvent 



local 




^ Processor^ 
Y 



anExternallnterface aMessageProtocol aStreamer Message anEvent aMessage anOutputlnterface 

N Hh 

H 



send (anEvent) 



-dispatch- 



-send(anEvent)- 



asMessage(anEvent) 



- append (data)- 
I 



l 



-append(data)- 



-tra nsmit{a Message)- 
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Call/Feature Policy 





Definition 


Describes call and feature processing behavior. 




Native Format 


ASCII based markup (CPML, CPML+) for external usage and 
maintenance. 
Object(s) for internal processing. 




Source/Authority 


Service maintenance and provisioning; the TSP/CSX product provides 
standardized call and class 5 feature definitions. 
Service Creation Environment (tool?) provides capability to create 
new or modify existing call and/or feature policies. 




Value Initiation Frequency (Low) 


Assuming that most polices are defined at carrier or group levels, new 
call and feature policies with the introduction of new group level call 
and features types. This frequency is less than the subscriber 
provisioning frequency. 
For individual level call and feature types, call and feature policies 
may be introduced coincident with the provisioning of new 
subscribers. 




Value Change Frequency (Low to 
Moderate) 


In general, call and feature logic elements change infrequently— when 
call or feature logic is modified or upgraded. This frequency is less 

than the subscriber provisioning frequency. 
Call and feature parameter elements, e.g., call forwarding destination 

number, may change at or above the subscriber provisioning 
frequency. Some parameter elements may change as much as hourly. 


: i 


Value Access Frequency (High) 


Call and feature policies, including logic and parameter elements, are 
accessed with each call. 


1 

i. 


Schema Change Frequency (Low) 


Call and feature policy schemas define the structure with which calls 
and call features are described. Once mature, the schema for defining 
calls and features should change very infrequently; only as often as 
needed to upgrade call type and feature specification capabilities. 




Consumers) 


Call and feature processing. 




Consumer Format 


Object(s) 




Replications and Sharing 


TSP nodes share call and feature processing specifications. 




Scope 


System, Group, and Individual Subscriber 


.1 

J 


Volume 


Group and system level logic elements have few instances. 
Individual level logic elements are coincident with subscriber 
volumes. 

Parameter element volumes are a function of the number of 
parameterized features in combination with the subscriber population 

size. 



Figure 32A 
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Route 



Definition 


Describes transmission paths between a network element and its 
associated endpoints and other network elements and the 
characteristics of those paths. 


Native Format 




Source/Authority 




Value Initiation Frequency (Low) 


New route entities are introaucea wnen new transmission pauii <m c 

v>v/^i i\ n\ /^r\c*A f\r\A n?Kj^n n£»"\ir trnncmi cctrm nath rHftrartenstlOS fire 

provisioneu and wnen new LidiiMiii&Muii pain ciiaiav^Lviiouvo 

nrnvi si on eH 


_ -— ■ — 

Value Change Frequency (Low) 


cinpp rr\ntpc civf* rplatpH to nhvsieal ermirtment and transmission 
facilities routes are relatively static. 


Value Access Frequency (High) 


Route data is accessed for each call. 


CpUpmQ Ptianae Fremiencv (1 .ow^ 




Consumer(s) 


Call processing. 


Consumer Format 




Replications and Sharing 


Multiple TSP nodes share route data entities. 


Scope 




Volume 


Route volumes are a function of the count of endpoints, associated 
network elements, and transmission path characteristics. 



Figure 32B 
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Endpoint/Subscriber 



Definition 


Describes endpoint devices (within scope of TSP/CSX), the 
configuration of those devices, subscribers associated with endpoint 
devices, and associates endpoint(s)/subscriber(s) with call and feature 

policies. 


Native Format 




Source/Authority 


Subscriber care (subscriber provisioning and maintenance). 


Value Initiation Frequency (Low) 


Endpoint/subscriber instances are initiated as new subscribers are 
added to the carrier's subscriber base. 
Call and feature policy associations are initiated as new call types and 
features are deployed and as subscribers subscriber to ditterent 
services. 


Value Change Frequency (Low) 


Value changes occur as subscribers modify their calling and/or feature 

parameters. 


Value Access Frequency (High) 


Endpoint/subscriber data is accessed with each call. 


Schema Change Frequency (Low 
to Moderate) 


Endpoint schema changes only with software product upgrades. 
Subscriber schema may be extended through introduction of new 

features. 


Consumer(s) 


Call and Feature processing. 


Consumer Format 


Object 


Replications and Sharing 


Multiple TSP nodes share Endpoint/subscriber data. 


Scope 




Volume 




Endpoint/subscriber volumes equal the carrier's subscriber 
population. 



Figure 32 C 
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Call/Feature State 



Definition 


Describes the current state of calls and/or call features. 


Native Format 


\J Uj C V L 


Source/Authority 


Call and Feature Processing; call and feature state data is generated 

cmrl maintsnnprl fnr PflrH rail anH/nr fpfltlire 
allu mdlllldlllcu 1U1 Cdvll vail aliu/ui ivaiuit. 


Value Initiation Frequency (High) 


Call state instances are initiated with each call. 
Feature state instances are initiated as needed based on call level 

events. 


Value Change Frequency (High) 


Call and leature state cnanges occur in response io cvein& Lmuugiiuui 

K-f** r*£ t\\e* Qccnr^idtprl rail jmH/nr fpatiirpfs^ 
U1C 111C OI UlC d&oUvlalCU. vail aliu/vi itatuivyoy. 


Value Access Frequency (High) 


call ano ieaiure sidie dre dcccs&cu in uiuci lu 2>ci vivc cvciita 
throughout the life of the associated call and/or feature(s). 


Schema Change Frequency (Low) 


fnll n-nA -fv=o-hii*<3 ota+fi rkV\if»ptc q r^mKi nciti nn of* nativp awnllftfltion 
vail anQ ISdlUrc dldLt UUJCvLb A vLUliUiiiaiiuii ui iiativt- appiivamjii 

r*V\ipr^tc QnH inct^ntiatinnc r*"f rail and fpatnrp nolicv schemas 

ODjeClS dllU lllaldlllldUUIla UI vail allu ivaiuiv pviivj ovuvniao. 

Native object schemas change only with product software upgrades. 
Call and feature policy schema changes are addressed elsewhere. 




Call and feature processing. 


Consumer Format 


Object 


Replications and Sharing 


Call and feature states are replicated in support of fault tolerance 
capabilities. 


Scope 




Volume 


Call and feature volumes are a function of the subscriber population 
combined with the subscriber's calling frequency constrained by 
transmission capabilities. 



Figure 32D 
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Equipment/Facility 



Definition 


Describes an equipment item or a transmission facility, and the 
configuration of that equipment item or transmission facility. 
Equipment items include processor devices, remote data terminals, 

intelligent peripherals, etc. 
Transmission facilities include network facilities, which connect a 
CSX to an external network element, and access facilities, which 
provide endpoints with access to the carrier's network. 


Native Format 


MIB? 


Source/Authority 


OAM&P 


Value Initiation Frequency (Low) 


New equipment descriptions are introduced when the carrier adds new 
equipment components. 
New network facilities are introduced when the carrier adds new 
transmission facilities. 


Value Change Frequency (Low) 


Changes in equipment and transmission facility descriptions and 
configurations are rare once provisioned and stable. 


Value Access Frequency (Low) 


Equipment and transmission facility descriptions and configurations 
are accessed only during system initialization and re-boots. 


Schema Change Frequency (Low) 


Equipment and transmission facility schemas change only support for 
new equipment and/or transmission types is added to the product. 


Consumer(s) 


System initialization and OA&P processes. 


Consumer Format 




Replications and Sharing 


1 or nodes snare some or tne equipment anu transmission laciiiiy 

description and configuration data. 
TSP and CSX elements share certain categories of equipment and 
transmission facility descriptions and configurations. 


Scope 




Volume 


This is a function of the count of equipment items and transmission 

facilities. 



Figure 32E 
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Equipment/Facility State 



Definition 


JDescnbes trie present state ox an equipment nem or <t irdnsim;>Muii 

facility. 


Native Format 


MIB? 


Source/Authority 


OA&M processes, certain aspects of call processing. 
NMS may command state changes. 


Value Initiation Frequency (Low) 


Equipment and facility states are initiated during system initialization 

and re-boots. 


Value Change Frequency 
(Moderate to High) 


Certain types of equipment and transmission facilities change state 
frequently. Other types change state with only moderate frequency. 
Aggregate equipment and facility states change with less frequency 
than individual components. 


Value Access Frequency (Varies 
from Low to High) 


In general, tnis data is accessed at inivio poinng miervdis. 
State data that contributes to statistics may be sampled at frequent 

intervals. 


Schema Change Frequency (Low) 


Equipment and facility state schemas change only with product 
upgrades. 


Consumer(s) 


NMS 


Consumer Format 


iviiJj : 


Replications and Sharing 


Multiple TSP nodes may share certain state elements. 
Certain equipment and facility state elements may be replicated for 
redundancy support. 


Scope 




Volume 


This is a function of the count of equipment items and transmission 

facilities. 



Figure 32F 
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Equipment/Facility Statistics 



Definition 


Describes a usage or event occurrence history with respect to a 
particular equipment item or facility. 


Native Format 


MIB? 


Source/Authority 


OA&M processes, certain aspects of call processing. 


Value Initiation Frequency (Low) 


Values are initiated during system initialization and re-boots. 


Value Change Frequency 
(Moderate to High) 


Statistics on directly measured attributes change with the frequency of 

related events. 

Statistics on sampled attributes change with the sampling frequency. 


Value Access Frequency (Low to 
Moderate) 


These values are accessed at collection and polling intervals. 


Schema Change Frequency (Low) 


Statistic schema changes occur only with product upgrades. 


Consumer(s) 


NMS, OAM&P 


Consumer Format 


SNMP Messages, ASCII based markup logs 


Replications and Sharing 




Scope 




Volume 


Statistics volume is a function of measurement method, measurement 
intervals, and count of sampled entities. 
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Automated Message Accounting (AMA) 



Definition 


Describes call and feature usage characteristics relevant to call and 
feature billing. 


Native Format 


AMA data is packed binary coded decimal. 
Historically, AMA data is stored and/or transmitted in blocks 
according to a standard tape record format. 


Source/Authority 


Billing related processing; AMA records are generated from CDRs. 


Value Initiation Frequency (Low) 


AMA records are most likely generated according to an internal 
schedule, perhaps once or twice daily. 
AMA generation may occur on demand when polled by an external 

system. 

AMA or as specified by call and/or feature definitions to support real- 
time bill calculation/accounting. 


Value Change Frequency (Static) 


AMA records are static once generated. 


Value Access Frequency (Low) 


In general, AMA records are accessed only when passed to an 
external system for processing — under nominal circumstances this 

occurs once for each record. 
Additional accesses may occur to support recovery of an external 
processing exception. 


Schema Change Frequency (Low) 


New AMA schemas may be introduced with new service 
introductions. 

Existing AMA record schemas are defined by Telcordia standards and 
therefore change infrequently. 


Consumer(s) 


External bill processing system. 


Consumer Format 


AMA 


Replications and Sharing 


AMA data need not be replicated or shared among TSP processing 

nodes. 


Scope 


Svstem 


Volume 


AMA volumes are a function of call/ feature volume. 
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Call Detail Record (CDR) 



Definition 


Describes call and feature usage characteristics relevant to call and/or 
feature billing, and facility usage accounting. 


Native Format 


Log of ASCII based markup. 


Source/Authority 


Call and Feature Processing; call and feature processing generates 
CDRs according to call and/or feature policy. 


Value Initiation Frequency (High) 


CDRs are generated per call and per feature. 
There may be multiple CDRs associated with a single call or feature. 


Value Change Frequency (Static) 


CDRs are static once generated. 


Value Access Frequency (Low) 


In general, CDRs are accessed as needed to support AMA or other 
billing interface data generation, and as needed to support facility 
usage accounting. 
AMA generation frequency is described elsewhere. 
It is anticipated that other billing formats and facility usage 
accounting data are generated no more often than daily. 


Schema Change Frequency 
(Moderate) 


New CDR schemas may be introduced with the introduction of new 

call types and call features. 
Jbxistmg luk scnemas may oe moaineu 10 suppori Dining ui ituamy 

usage accounting changes. 


Consumer(s) 


Billing and Usage Accounting processes. 


Consumer Format 


ASCII based markup. 


Replications and Sharing 


CDR data need not be replicated or shared among TSPs. 


Scope 


System 


Volume 


Generally coincident with call and feature volumes. 
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